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ABSTRACT 

Recent s t u d i e s  on 27-day recur rence  geomagnetic d i s -  

tu rbances  and their  assoc ia ted  phenomena dur ing  the d e c l i n e  

phase of the p resen t  sunspot c y c l e  a r e  summarized. An 

i d e n t i f i c a t i o n  of M-region wi th  s o l a r  phenomena h a s  been 

made by  eva lua t ing  t h e  v e l o c i t y  of s o l a r  winds. Uis- 

cuss ions  a r e  g iven  on va r ious  

corpuscular  s t reams producing 

e x i s t i n g  hypotheses  of 

I n  order t o  provide a forum for  d i s c u s s i o n  of t h e  
l a t e s t  r e s u l t s  on so la r -geophys ica l  d i s tu rbances  dur ing  
t h e  per iod  of q u i e t  s o l a r  a c t i v i t y ,  a symposium on  s o l a r  
t e r r e s t r i a l  r e l a t i o n s  was h e l d  on June  19, 1964, i n  Toyko. 
A number o f  formal p r e s e n t a t i o n s  w e r e  g iven  and t h e y  w e r e  
accompanied by much s t imu la t ing  d i scuss ion .  Following a r e  
t h e  major t o p i c s  and con t r ibu to r s :  

1. 27-day Recurrence Dis turbances  i n  Geophysics 
T. S a i t o ,  K. Nagashima, S. Mori, H. Uenoo 
and S. Sagisaka  

Y. Sano, T. Ondho, Y. Hakura, and A.  NiskYida 

T. Goh, K. Sinno, S .  Nagasawa, Y. Nakagomi, 
and Y. Nojima 

(d iscuss ion  lead  by  T. Obayashi) 

2. On t h e  Nature o f  S o l a r  Winds 

3 .  I d e n t i f i c a t i o n  of the S o l a r  M-region 

4. Model of  S o l a r  Corpuscular  Streams 

The p resen t  a r t i c l e  c o n s t i t u t e s  a summarized report of the 
symposium, inc lud ing  some i n t r o d u c t o r y  remarks on t h e  back- 
ground of t h e  p re sen t  problem i n  s o l a r  t e r r e s t r i a l  phys ics .  



1. I n t r o d u c t i o n  

The sun i s  t h e  source of major d i s t u r b a n c e s  i n  t h e  

terrestrial  upper atmosphere through i ts  r a d i a t i v e  and 

corpuscular  emissions.  Solar co rpuscu la r  emiss ions  c o n s i s t  

of three t y p e s ,  v i z . ,  e n e r g e t i c  solar particles and plasma 

c louds  associated w i t h  s o l a r  f lares ,  and the outward stream- 

i n g  of solar winds or beams of enhanced a c t i v i t y  o r i g i n a t i n g  

from the solar  corona. The f l a r e - a s s o c i a t e d  solar p a r t i c l e s  

have been i n v e s t i g a t e d  e x t e n s i v e l y  du r ing  the past IGY and 

I G C ,  and t h e i r  r e s u l t s  were d i scussed  elsewhere (Obayashi 1964).  

Meanwhile, s u c c e s s f u l  launchings of deep space probes have 

lead t o  the d i scove ry  of the c o n t i n u a l  f l o w  of solar plasmas 

w i t h  v e l o c i t i e s  o f  some hundreds km/sec (Neugebauer and Snyder 

1962) .  

Renewed i n t e r e s t  has a r i s e n  on the n a t u r e  o f  r e c u r r e n t  

geomagnetic d i s t u r b a n c e s  w i t h  the solar r o t a t i o n  c y c l e ,  which 

had o r i g i n a l l y  been suggested by B a r t e l s  many y e a r s  ago as an  

enhanced stream or' solar plasma ejected r'roiii soiiie hypothetical 

active c e n t e r  of the sun,  the so-ca l led  M-region. I t  has been 

known s i n c e  the e a r l y  part  of t h i s  cen tu ry  that  moderate geo- 

magnetic d i s t u r b a n c e s  show a tendency t o  r e c u r  a t  r e g u l a r  

i n t e r v a l s  of 27 days ,  p a r t i c u l a r l y  du r ing  p e r i o d s  of d e c l i n i n g  
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sunspot  a c t i v i t y .  Numerous i n v e s t i g a t i o n s  1) have been c a r r i e d  

o u t  t o  i d e n t i f y  t h e  a c t i v e  r eg ion  of t h e  sun r e spons ib l e  for 

such d i s tu rbances .  Bartels (1932) first i n v e s t i g a t e d  t h e  

r e l a t i o n  between r e c u r r e n t  geomagnetic d i s tu rbances  and v i s i b l e  

solar phenomena. No s i g n i f i c a n t  c o r r e l a t i o n  w a s  found. However, 

he noted tha t  M-regions o f t e n  occurred when t h e  v i s i b l e  solar 

hemisphere w a s  bare o f  sunspots  or they  tended t o  be absen t  

when s p o t s  w e r e  near  the  c e n t r a l  meridian of  t h e  sun. This  

f e a t u r e  w a s  re-examined by  Al len  (1944) and he has  concluded 

t h a t  sunspots  tend  to  i n t e r f e r e  wi th  M-regions, o r  i n  other 

words, t h e  M-region apparent ly  shows a tendency t o  avoid s p o t  

areas, which i s  known as t h e  cone of avoidance hypothes is .  This  

i n t e r e s t i n g  feature has  been confirmed i n  t h e  r e l a t i o n  between 

coronal  emission-l ine i n t e n s i t y  and geomagnetic d i s tu rbances .  

The f irst  sugges t ion  of t h i s  l i n e  of i n v e s t i g a t i o n  w a s  made 

by Waldmeir (1942),  who named t h e  a c t i v e  coronal  emission area 

as t h e  C-region. Many i n v e s t i g a t o r s  then showed t h a t  a s i g n i -  

f i c a n t  minimum i n  geomagnetic a c i t v i t y  fol lows 2-3 days after 

c e n t r a l  meridain passage (cmp) o f  a reg ion  of a c t i v e  coronal  

emission,  while  t w o  maxima i n  geomagnetic a c t i v i t y  appear  about  

4-8 days af ter  and a l s o  somewhat earlier than  the t i m e  of t h e  

cmp of an  a c i t v e  region (Shapley and Roberts  1946, Kiepenheuer 

1) 
An ex tens ive  review has been  g iven  by Allen (1964). 

- 4 -  



1947, Pecker and Roberts1955, Notuki e t  a1 1955, Sinno 1956, 

B e l l  and Galzer  1957, and Warwick 1959) .  S imi l a r  conclusions 

have also been obta ined  by t h e  superposed epoch method, us ing  

s o l a r  f l o c c u l i  d a t a  for a 35-year pe r iod  (Saemundsson 1962).  

I n  c o n t r a s t  to  t h e  concept  of t h e  cone of avoidance, Mustel  

(1961, 1962) advocated t h a t  M-regions appear  t o  be correlated 

wi th  a c t i v e  centers of t h e  sun,  p o s s i b l y  young p lage  r eg ions ,  

above which long cor'onal R-rays extend up t o  t h e  d i s t a n c e  of  

t h e  e a r t h ' s  o rb i t .  The coronal  R-ray i s  be l i eved  t o  be a 

plasma s t r e a m ,  being composed of an assembly of r a d i a l  magnet ic  

f i e l d  threads. There is  another  sugges t ion  t h a t  M-regions are 

long-l ived stable prominences, which are supposed t o  be remnants 

of o l d  a c t i v e  reg ions .  

I n  s p i t e  of t h e s e  d i f f e r e n t  hypotheses ,  a l l  t h e o r i e s  

p o s t u l a t e  solar active c e n t e r s ,  and they  admit  t h a t  enhanced 

beams of  s o l a r  corpuscles  are t h e  cause of r e c u r r e n t  geomagnetic 

d i s tu rbances .  The important  key t o  r e so lv ing  the problem i s ,  

t h e r e f o r e ,  t o  determine t h e  t rave l - t ime or  t h e  speed of stream- 

in9 szlar particles. Recent space probe datz "OW pr..\viC?e this 

information.  I n  t h e i r  a n a l y s i s  of Mariner 2 plasma measurements, 

Snyder, Neugebauer and R a o  (1963) have shown t h a t  a s t r o n g  27- 

day recur rence  tendency e x i s t s  i n  t h e  d a i l y  t i m e  sequence of 

s o l a r  plasma v e l o c i t y  and concluded tha t  t h e  s o l a r  M-regions 
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must be the source of high v e l o c i t y  plasma. The average plasma 

v e l o c i t y  i s  nea r ly  p ropor t iona l  t o  t h e  geomagnetic a c t i v i t y  o r  

t h e  d a i l y  sum of geomagnetic Kp ind ices .  The es t ima ted  v e l o c i t y  

of s o l a r  beams, t hus  der ived f r o m  their  r e s u l t s  as w e l l  as 

t h e  Explorer  18 da ta  (Bridge e t  a1 1964) ,  ranges from 300 t o  

600 km/sec during the dec l in ing  per iod  of s o l a r  a c t i v i t y .  

plasma v e l o c i t y  corresponds t o  t h e  t rave l - t ime between t h e  

This  
L 

Sun and the  e a r t h  of about  3 t o  6 days,  and t h e  judgement of 

any theory  must take  i n t o  account  t h i s  t ime-delay f o r  s o l a r -  

t e r res t r ia l  re la t ions.  

There are some o ther  phenomena which might be closely 

related t o  Solar M-regions. C o s m i c  ray  v a r i a t i o n s ,  i n  p a r t i c u l a r ,  

the d i u r n a l  an i so t ropy  of the i n t e n s i t y ,  r e v e a l  a s t r o n g  27- 

day recur rence  ( M o r i  e t  a1 1964) .  As w i l l  be shown, a s i g n i f i c a n t  

c o r r e l a t i o n  e x i s t s  between t h e  phase change of cosmic r ay  d i u r n a l  

v a r i a t i o n s  and the enhanced S-component of solar radio emissions.  

The a c t i v i t y  index of geomagnetic micropulsa t ions  r e v e a l s  a 

c l e a r  27-day recur rence .  Recent i n v e s t i g a t i o n  shows t h a t  t h i s  

new meas12re of geomagnetic activity mzy he very 1Llseful tc? study 

t h e  M-region d is turbances  (Saito 1964).  S ince  t h e s e  phenomena 

a r e  r a t h e r  new and good d a t a  for t h e  a n a l y s i s  are a v a i l a b l e  

only for t h e  p r e s e n t  cycle  o f  t h e  sunspot  minimum, renewed 

s t u d i e s  on a l l  r e l a t e d  phenomena t o  s o l a r  M-regions dur ing  the  

p r e s e n t  sunspot  minimum w i l l  be d iscussed  i n  what fol lows.  
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2.  27-day Recurrence Disturbances 

I n  the present decl ining p e r i o d  of solar a c t i v i t y ,  s o m e  

prominent r e c u r r e n t  geomagnetic d i s t u r b a n c e s  have been observed. 

I n  Fig.  1, a 27-day recur rence  p a t t e r n  of t h e  d a i l y  sum of geo- 

magnetic p l a n e t a r y  index C Kp i s  shown for t h e  p e r i o d  f r o m  

August 1962 t o  December 1963. Throughout the w h o l e  p e r i o d ,  a 

p e r s i s t a n t  major peak of a c t i v i t y  appeared between t h e  5 t h  t o  

10 th  days i n  27-day’rotat ion i n t e r v a l s .  There w e r e  a l s o  

s h o r t - l i v e d  minor peaks i n  t h e  l a te  h a l f  of t h e  i n t e r v a l .  

S a i t o  (1964) h a s  found t h a t  t h e  a c t i v i t y  of pc3 geomagnetic 

p u l s a t i o n s  r e v e a l s  a very marked 27-day r ecu r rence  tendency 

i n  t h e  same epoch. The d a i l y  cosmic r a y  i n t e n s i t y  also showed 

a prolonged depres s ion  a s s o c i a t e d  wi th  t h e  major peak o f  geo- 

magnetic a c t i v i t y .  

0 

I n  o r d e r  t o  compare geophys ica l  d i s t u r b a n c e  phenomena 

wi th  corresponding s o l a r  a c t i v i t y ,  t h e  t i m e  series o f  co rona l  

emission index G6 (5303 A)  i s  shown i n  F ig .  2 ,  i n  which va lues  

of east  and w e s t  l i m b s  of t h e  n o r t h e r n  hemisphere are used,  

t h e  t i m e  being reduced to t h e i r  cmp of  t h e  s o l a r  d i s k  (So la r  

and Geophysical Data,  CRPL-F, P a r t  B ,  US-NBS) .  I n  g e n e r a l ,  

two b r i g h t  co rona l  reg ions  appeared i n  each r o t a t i o n  c jc le .  

I n  t h e  p r e s e n t  per iod  of a n a l y s i s ,  t h e  fea ture  of such 

d o u b l e  maxima of a c t i v i t y  seems t o  be common for a l l  o t h e r  
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, _ . .  / . _ _ . , _ _ . _ . _ _ _ _ .  ....._, 

F i g .  1: 27-day r e c u r r e n c e  p a t t e r n  of geomagne t i c  p l a n e t a r y  

i n d i c e s  y KP f r o m  Augus t  2 7 ,  

( f r o m  Mori, Ueno, Nagashima and Sag i saka1  - 

1962 t o  December 251 19G3 

F i g .  2: 27-day r e c u r r e n c e  p a t t e r n  of c o r o n a l  g r e e n  l i n e  

i n d i c e s  G6 (5303) from August 27 ,  1962 t o  December 

25 ,  1963. NE and NW: v a l u e s  a t  east  and w e s t  l i m b s  

on  t h e  n o r t h e r n  solar hemisphe re  ( f r o m  Mori, Ueno, 

Nagashima and S a g i s a k a )  . 



solar phenomena, such as sunspo t s ,  calcium-plages,  and solar 

r a d i o  emissions ( N o j i m a  e t  a. 1964) .  

Average 27-day v a r i a t i o n s  of t h e s e  solar  and geoPhysical  

phenomena dur ing  t h e  per iod of m o s t  pronounced 27-day r e c u r -  

rency ,  between r o t a t i o n  numbers 1770 to  1776, are i l l u s t r a t e d  

i n  F ig .  3 .  A s  has  been s t a t e d ,  a major peak o f  geomagnetic 

a c t i v i t y  d a t e s  f rom- the  5 t h  t o  1 0 t h  days,  be ing  followed by 

t h e  decrease o f  cosmic r a y  i n t e n s i t y .  Corona l  i n t e n s i t y  and 

numbers of  calcium-plages show double  maxima, sugges t ing  t h e  

e x i s t e n c e  of t w o  s t a b l e  c e n t e r s  of a c t i v i t y .  I t  h a s  been 

shown t h a t  t h e  s lowly  varying p a r t ,  t he  S-component, of s o l a r  

r a d i o  f l u x  a t  microwave band r e c u r s  very  r e g u l a r l y  wi th  peaks 

on t h e  days of  t h e  7 t h  t o  8 t h  and nea r  t h e  20th i n  each ro- 

t a t i o n  c y c l e  (Goh 1964, M o r i  e t  al. 1964).  

There i s  another  i n t e r e s t i n g  phenomenon, r e c u r r i n g  wi th  

t h e  27-day i n t e r v a l ,  v i z . ,  t h e  ampli tude and phase of  t h e  

d i u r n a l  v a r i a t i o n  of cosmic  r a y  i n t e n s i t y ,  t h e  so -ca l l ed  DS- 

con-tpoiieiit of ~esmic r a y  i r ; t e n ~ i t y .  Using datz cf X P S O ~  

monitor ,  Mori et &. (1964) obta ined  t h e  average 27-daj v a r i a -  

t i o n  of  cosmic r a y  d i u r n a l  v e c t o r s .  I t  has  been found t h a t  

s i g n i f i c a n t  phase advancements occur  a t  the 6 t h  and 22nd days,  

which have been known to  appear  dur ing  cosmic r a y  storms. The 
I 
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Averages of Rot. No. 1770-6 
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F i g .  3: Average 27-day v a r i a t i o n s  of geomagne t i c  i n d e x  

C Kp, cosmic r a y  i n t e n s i t y  ( c l i m a x ) ,  c o r o n a l  q r e e n  

l i n e  G 6 ,  and numbers of c m p  of major ca l c ium-p lages  

d u r i n g  t h e  p e r i o d  from November 1962 t o  May 1963 

(from S i n n o ) .  



27-day i n e q u a l i t y  of cosmic r a y  DS, t h e  vary ing  p a r t  of 

d i u r n a l  v e c t o r s  w i th  r e s p e c t  t o  t h e  so la r  r o t a t i o n ,  h a s  

been reduced, by s u b t r a c t i n g  t h e  mean DS of t h e  whole 27- 

day i n t e r v a l .  With an  appropr i a t e  phase c o r r e c t i o n  for t h e  

geomagnetic effect ,  these r e s i d u a l  DS f l o w  v e c t o r s  denoted by 

ADS, are obtained.  They are i l l u s t r a t e d  by arrows i n  Fig.  4 ,  

on t h e  h e l i o c e n t r i c  diagram t o g e t h e r  w i th  average ZKP and G 6  

v a r i a t i o n s .  Although t h e  p h y s i c a l  mechanism caus ing  t h e  

cosmic ray an i so t ropy  has n o t  been w e l l  understood,  t h e  ADS 

may i n d i c a t e  some a d d i t i o n a l  f l o w s ,  superposed upon t h e  

g e n e r a l  modulation e f f e c t  due t o  t h e  outward s t reaming of 

solar winds. 

3 .  I d e n t i f i c a t i o n  of So la r  M-Res  i o n s  

The g e n e r a l  f e a t u r e ,  i l l u s t r a t e d  i n  Fig.  4 ,  i s  t h e  

o b s e r v a t i o n a l  basis f o r  the i d e n t i f i c a t i o n  of h y p o t h e t i c a l  

s o l a r  M-regions, r e spons ib l e  for r e c u r r e n t  geophys ica l  d i s -  

tu rbances .  I t  i s  important  t o  n o t e  t h a t  t h e  t i m e  of peaks 

of geomagnetic a c t i v i t y  appears  a f e w  days ahead of t h e  cmp 

of so la r  a c t i v e  c e n t e r s .  S ince  w e  believe t h a t  geomaynei ic  

d i s t u r b a n c e s  are produced by p a r t i c l e  streams f r o m  t h e  sun, 

t h e s e  a c t i v e  c e n t e r s  cannot be s a t i s f a c t o r i l y  i d e n t i f i e d  as 

t h e  sources  f o r  t h e  immediately corresponding peaks o f  geo- 

magnetic a c t i v i t y .  Furthermore, i t  is  now known tha t  t h e  

- 9 -  



Average 27-Day Patterns During Rot. no. 1770-6 

I 

20 

0 5 0 G 6  
0 20 40 ' CKP P I I I 

Fig. 4: H e l i o c e n t r i c  diagram of 27-day v a r i a t i o n s  of c o r o n a l  

a c t i v i t y  G6, cosmic r a y  I? DS f l o w  v e c t o r s  and geomagnetic 

i ndex  Kp for t h e  p e r i o d  of November 1962 t o  May 1963. 



average v e l o c i t y  of plasma s t reaming o u t  from t h e  sun is 

about  400 - 600 km/sec, and t h e s e  v a l u e s  y i e l d  t h e  t i m e -  

de l ay  of t h e  geophysical  e f f e c t  of 3 - 5 days. 

To examine t h i s  po in t  more q u a n t i t a t i v e l y ,  t h e  v e l o c i t y  

of solar streams has  been e s t ima ted  f r o m  t h e  va lue  o f  C Kp, 

by applying t h e  Snyder ' s  e m p i r i c a l  r e l a t i o n  between t h e  solar  

wind v e l o c i t y  and C . K p  (Snyder, Neugebauer and Rao 1963) .  

The delay-time computed f r o m  the e s t ima ted  v e l o c i t y  is, then ,  

used t o  s h i f t  the  t i m e  of geophys ica l  phenomena, so t h a t  they  

may be compared d i r e c t l y  wi th  p o s i t i o n s  of so la r  a c t i v e  c e n t e r s .  

T h e  r e s u l t  i s  shown i n  F ig .  5 ,  i n  which t h e  t i m e  of Kp and 

DS i s  s h i f t e d  approximately 3 - 5 days depending on t h e i r  

es t imated  stream veloci t ies .  

One of the f e a t u r e s ,  w h i c h  i s  immediately obvious,  i s  

t h a t  t h e  major peaks of geomagnetic a c t i v i t y  does n o t  c o i n c i d e  

wi th  t h e  c e n t e r  of co rona l  a c t i v i t y .  The M-region should be 

l o c a t e d ,  i f  any, a t  the somewhat o u t e r  f r i n g e s  of  t h e  a c t i v e  

c e n t e r ,  p a r t i c u l a r l y ,  a t  t h e  wes tern  s i d e  o f  the c e n t e r .  How- 

e v e r ,  the s i t u a t i o n  i s  n o t  so clear fo r  o t h e r  minor peaks of 

geomaanetic a c t i v i t y .  A f u r t h e r  d i s c u s s i o n  of  t h e  n a t u r e  of  

solar  M-regions i s  given la ter .  

I n  ear l ier  s t u d i e s  o f  t h e  i d e n t i f i c a t i o n  of solar  
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Average 27-Day Patterns During Rot. no. 1770-6 

(Corrected the Ef fect  of Time S h i f t )  

Fig. 5: Heliocentric diagram of 27-day variations of coronal 

activity G6, cosmic ray A DS and geomagnetic index 

C Kp. The time series of A DS and c Kp are shifted 

according to the time-delay of geophysical effects 

estimated from the solar stream velocities. 



M-regions, m o s t  i n v e s t i g a t o r s  employed t h e  superposed epoch 

method. For t h e  p re sen t  pe r iod  1961 - 1963, Sinno (1964) 

made such an a n a l y s i s  and obta ined  t h e  fo l lowing  r e s u l t :  

Two sets o f  t h e  superposed epoch graph of $: K p  f o r  t h e  cmp 

o f  b r i g h t  and weak regions of  so la r  corona,  shown i n  F ig .  6 ,  

e x h i b i t  somewhat d i f f e r e n t  f e a t u r e s  compared wi th  t h o s e  of  

previous sunspot  cyc le s .  However, t h e  g e n e r a l  tendency re- 

vealed i n  t h e  graphs  seems t o  ag ree  wi th  t h e  hypo thes i s  of 

t h e  cone o f  avoidance,  because a minimum o f  C K p  appears  3 t o  

5 days a f t e r  t h e  cmp of b r i g h t  corona,  and a maximum of  r: K p  

appears  2 t o  8 days a f t e r  t h e  cmp of  weak corona. A s i m i l a r  

conc lus ion  has  been obtained by N o j i m a  e t  d. (1964) f o r  t h e  

r e l a t i o n  between a c t i v e  calcium-plages and geomagnetic ac t i -  

v i t y .  For t h e  sake  of  comparison, superposed epoch graphs 

which have been obtained f o r  t h e  ea r l i e r  sunspot  c y c l e s  are 

reproduced i n  F ig .  7 (Bell and Glazer  1957, Warwick 1959) .  

S ince  t h e s e  ana lyses  a r e  s t a t i s t i c a l  i n  n a t u r e ,  it i s  p o s s i b l e  

t o  have an appa ren t  c o r r e l a t i o n  between solar 'and geophys ica l  

a c t i v i t y  even wi thout  any p h y s i c a l  connect ion between them, 

provided t h a t  b o t h  of the t i m e  series have a 27-day p e r i o d i c i t y .  

However, t h e  s i m i l a r i t y  of p a t t e r n s  demonstrated h e r e  f o r  t he  

d i f f e r e n t  epochs may be an impor tan t  i n d i c a t o r  of  t h e  l i k e l i -  

hood t h a t  t h e  above-mentioned r e l a t i o n s h i p  i s  real .  
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Fig .  6: Superposed epoch g raphs  o f  geomagnet ic  a c t i v i t y  f o r  

t h e  CMP of r e g i o n s  o f  b r i g h t  and weak c o r o n a l  i n -  

t e n s i t i e s  for the p e r i o d s  September 1961 t o  August 

1963 and November 1962 t o  May 1963 (from S i n n o ) .  
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Fig .  7: Superposed epoch g raphs  of geomagnetic a c t i v i t y  Ap 

(or C K p )  a f t e r  t h e  CMP (or t h e  ea s t e rn  l i m b  passage ,  

ELP) of b r i g h t  and weak c o r o n a l  r e g i o n s ,  f o r  t h e  

p e r i o d s  1942 - 1944 (Warwick) and 1950 - 1953 ( B e l l  

and G l a z e r ) .  



4. The Annual E f f e c t  of M-Reaions 

S ince  b o t h  r e c u r r e n t  geomagnetic d i s t u r b a n c e s  and 

co rona l  a c t i v e  r e g i o n s  o f t e n  p e r s i s t s  f o r  many solar r o t a t i o n  

c y c l e s ,  t h e i r  long-term v a r i a t i o n s  have been i n v e s t i g a t e d  by 

s e v e r a l  workers.  Sinno (1956) h a s  poin ted  o u t  t w o  ve ry  long 

sequences of  M-regions i n  t h e  per iod  1950 - 1954, each of 

which appears  t o  show an  annual v a r i a t i o n .  A s  shown i n  F ig .  8 ,  

one long sequence located on t h e  3rd t o  9 t h  days of t h e  rota- 

t i o n  per iod  showed a maximum a c t i v i t y  around t h e  autumnal 

equinox (September) and a minimum a c t i v i t y  around t h e  v e r n a l  

equinox (March), which has been p e r s i s t i n g  fo r  about t h r e e  

y e a r s  o r  more. The o t h e r  sequence appeared on t h e  1 2 t h  t o  

1 8 t h  days wi th  i t s  maximum around t h e  v e r n a l  equinox. Such 

long-l ived M-regions, being modulated by t h e  annual p e r i o d ,  

have been found i n  t h e  dec l in ing  phase o f  every  sunspot  c y c l e  

(Tandon 1956) .  

The importance of t h i s  annual  v a r i a t i o n  i s  t h a t  t h e  

beam from M-regions could be l o c a t e d  n o t  on ly  on h e l i o g r a p h i c  

long i tudes  b u t  a l s o  on l a t i t u d e s ,  by t ak ing  i n t o  account t h e  

e f f e c t  o f  t h e  i n c l i n a t i o n  of t h e  solar a x i s  t o  t h e  p l ane  of  

t h e  e c l i p t i c .  

t h a t  t h e  so la r  a c t i v e  regionson t h e  s a m e  s i d e  of t h e  solar  

I t  h a s  been concluded by B e l l  and Glazer  (1957) 
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MAG N E TIC ACT I V I TY INTERNATIONAL CHARACTER-F I GURE S 

Fig .  8: 27-day r e c u r r e n c e  p a t t e r n  f o r  geomagnetic c h a r a c t e r  

f i g u r e ,  C-index for  t h e  p e r i o d  1950 - 1953 (from 

S i n n o ) .  



, 

equator  a s  t h e  earth have a g r e a t e r  i n f luence  on geomagnetic 

a c t i v i t y  than  do the  a c t i v e  r eg ions  on t h e  oppos i t e  s i d e  of 

t h e  s o l a r  equator .  I n  o the r  words, t h e  e f f i c i e n c y  of an 

M-region i n  producing geomagnetic d i s tu rbances  appears  

g r e a t e s t  when t h e  e a r t h  is around i t s  maximum favorab le  h e l i o -  

g raph ic  l a t i t u d e ,  v i z . ,  the  southern  hemisphere i n  t h e  v e r n a l  

equinox and t h e  nor thern  hemisphere i n  t h e  autumnal equinox, 

w h i l e  i t  appears  least  when the e a r t h  i s  near  i t s  unfavorable  

( t h e  oppos i t e  side of the  equator )  he l iog raph ic  l a t i t u d e .  

From these observed f a c t s  of the d i r e c t i v i t y  or' s o l a r  

s t reams from t h e  M-region, Sinno (1956) has been a b l e  t o  

deduce the  beam w i d t h  of streams t o  be of t h e  o r d e r  of l o o  

i n  t h e  s o l a r  m e r i d i a n  plane.  

narrower than t h e  beam width i n  t h e  e q u a t o r i a l  p lane ,  which 

i s  es t imated  t o  be of the order of 45O. 

(1962) found a s i m i l a r  beam width i n  the d e c l i n i n g  phases  of 

sunspot  cyc le ,  from their a n a l y s i s  of the semiannual v a r i a -  

t i o n  of geomagnetic a c t i v i t y .  

This may be cons iderably  

Priester and C a t t a n i  

5. Nature of So la r  M-Resions 

An important  conclusion der ived  from s t a t i s t i c a l  ana lyses  

i s  t h a t  r e c u r r e n t  geomagnetic d i s tu rbances  a r e  produced by 

corpuscular  streams (hypo the t i ca l )  o r i g i n a t i n g  n o t  from t h e  
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c e n t e r  of s o l a r  a c t i v i t y  but  appa ren t ly  from the o u t e r  f r i n g e s  

of t h e  a c t i v e  a rea .  According t o  t h e  hypothes is  of t h e  cone 

of avoidance, an a c t i v e  cen te r  of t h e  sun t e n d s  t o  i n h i b i t  

sthe escape of co rpusc le s ,  and t h i s  i s  i n t e r p r e t e d  by assuming 

t h a t  s o l a r  p a r t i c l e s  a r e  confined by s t r o n g  l o c a l  magnetic 

f i e l d s  i n  t h e  a c t i v e  cen te r .  I n  y e a r s  of high s o l a r  a c t i v i t y ,  

t h e s e  t rapped p a r t i c l e s  may be b u i l t  up t o  form a s t r o n g  con- 

densa t ion ,  be ing  heated u p  f u r t h e r  u n t i l  they are f i n a l l y  ex- 

ploded out .  These are i d e n t i f i e d  a s  s o l a r  f l a r e  corpusc les  

o r  f l a r e - a s s o c i a t e d  geomagnetic storms. I n  c o n t r a s t  t o  t h i s  

explos ive  phase of s o l a r  a c t i v i t y ,  M-regions a r e  such t h a t  

t he  l o c a l  magnetic f i e l d s  a r e  conducive t o  guide t h e  con- 

t i n u a l  outf low of corpuscular  streams. T h i s  reg ion  may be 

compared t o  an un ipo la r  magnetic reg ion  (Babcock and Babcock 

1955) where t h e  outward stream i s  s t r o n g  enough so t h a t  t h e  

magnetic f i e l d  l i n e s  w i l l  be s t r e t c h e d  o u t  i n  the d i r e c t i o n  

of the stream. 

Thus, the hypothesis  of t h e  cone of avoidance has an 

a t t r a c t i v e  f e a t u r e  f o r  expla in ing  t h e  p e c u l i a r  i n h i b i t i o n  of 

the  corpuscular  beam emerging f r o m  t h e  a c t i v e  cen te r .  Never- 

t h e l e s s ,  t h i s  hypothes is  i t s e l f  cannot  o f f e r  any p o s i t i v e  

mechanism f o r  e j e c t i n g  narrow and s t r o n g  corpuscular  beams 

from M-regions. On t h e  o t h e r  hand, it has been  established 
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that recurrent geomagnetic disturbances are closely related 

to the high velocity beam of solar winds (Snyder, Neugebauer 

and Rao 1963). According to Parker's theory (1960), the 

velocity of solar winds is very sensitive to the coronal 

temperature and, therefore, the solar corpuscular beam re- 

sponsible for geomagnetic disturbances must originate from 
# 

a high temperature region such as an active coronal condensa- 

tion. As has been shown, however, this argument is not always con- 

sistent with observed results. Though Mustel's R-rays may be 

important for some recurring phenomena, they would possibly 

be remnants of solar flares, being dominated only during the 

stage immediately after the maximum solar activity (Bryant 

et al. 1963). 

An alternative hypothesis for the cause of recurrent 

disturbances has recently been proposed by Dessler and Fejer 

(1963). Although they also postulate a high velocity beam 

streaming out from the active center, the origin of geomagnetic 

disturbances is attributed to a source other than the high 

velocity beam itself. It is emphasized that an enhanced 

solar stream alone cannot produce geomagnetic disturbances 

or hicjh Kp, since the solar winds appear to be essentially 

ever-existing even during very quiet geomagnetic conditions. 

In these circumstances, they rejected the conventional view 
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of the cause of disturbances and proposed a hypothesis that 

' recurrent geomagnetic disturbances must be due to sheets of 

turbulence or irregularities that are generated at the inter- 

face of two solar wind regions of different stream velocities. 

The high velocity solar stream will overtake the lower velocity 

stream, and the collision of these streams would lead to the 

Kelvin-Helmholtz instability or the formation of two shock 

waves. This mechanism predicts the region of disturbances 

to lie westward of the high velocity beam originating from 

the active center,which turns out to be very consistent with 

the observed result shown in Fig. 5 for the period 1962 - 1963. 

As has been pointed out by Piddington (1964) however, the 

Dessler-Fejer theory does not appear satisfactory with the 

result for the period 1950 - 1953, unless the stream velocity 

above the active region would generally be lower than that of 

the surrounding. For this case the M-region lies eastward of 

the active region of the corona, and he rather presumes that 

main disturbances originate at the region of the following 

side (eastward) of the high velocity beam, where the inter- 

planetary field may be very weak or else lies in some favor- 

able c'irection due to the sweeping action of a high velocity 

stream ahead of the region. 

been suggested, independently, by Sarabhai (1963) as the source 

A mechanism similar to this has 
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of recurrent cosmic ray storms. 

At present, since there is no sufficient direct observa- 

tion of solar streams to locate the M-regions, the conclusion 

derived from statistical analyses alone is necessarily specu- 

lative, and it cannot be well justified to accept or reject 

any one of the hypotheses discussed here. It is hoped that 

extensive observations made during the IGSY will provide much 

useful material, stimulating new approaches to understanding 

the mechanism of the solar M-regions. 
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